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AUTCmTIC VBRZFZCATZON 8QUXPMENT 

FZCXJ) OF THE ZNVQITIQN 

This invention relates generally to equipment for 
reviewing information printed on relacively flat articles, and 
for gathering information, such as weight, concerning these 
articles, and is more particularly directed toward automatic 
verification of postage and address information for articles 
to be mailed. 

BACKGHOUMD OF THE INVENTZQN 

Many corporations and organizations disseminate 
information and advertising material through the mail. In 
order to minimize the costs associated with this type of 
mailing, the United states Postal Service (USPS) offers bulk 
mailing rates that result in decreased cost of mailing for 
each piece of mail. Certain types of preprocessing by bulk 
mailing organizations, such as presorting of bulk mail into 
lots by ZIP code, helps the USPS in mail sorting and leads to 
fiircher discounts in the cost of mailing for bulk mailing 
organizations . 

Of course, because of the large volume of bulk mail, the 
USPS would lose considerable revenue if bulk mailing 
organizations failed to comply strictly with their presorting 
obligations but still tried to take advantage of lower postal 
rates. It is also possible, through error, that a bulk mailer 
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way apply insufficient niecered postage to articles of mail. 
In addition, the USPS must have some form of quality control 
and verification to ensure that bulk mailers' presort efforts 
are accurate, so that improperly sorted bulk mail does not 
slow down the operation of USPS sorting activities. 

Traditionally, this verification process is performed 
manually (with the exception of barcode verification) . This 
manual verification process is very labor intensive and prone 
to error. Accordingly, a need arises for an automated 
verification system that is capable of processing large 
volumes of mail with speed and accuracy, and that maintains 
proper records relating to each bulk mailer for which 
verification operations are conducted. 

SnMNJAV OF TBB mVENTZOK 

These needs and others are satisfied by the verification 
apparatus of the present invention. In accordance with the 
invention. . apparatus for automatically acquiring and 
verifying, relative to pre-established rules, information 
affixed to relatively flat articles transported along a 
transport path comprises weighing means for measuring weight 
of articles being processed, image acquisition means for 
acquiring a representation of indicia appearing on an article, 
processing means for recognition of the indicia appearing on 
an article, and processing means for verifying acquired data 
against the pre-established rules. 

The apparatus may further comprise infeed means for 
transporting the articles from an input stage to subsequent 
processing stages. The infeed means may comprise an infeed 
conveyor mechanism that singulates articles for subsequent 
processing. 

In accordance with one aspect of the invention, the 
weighing means comprises an in-line scale that weighs articles 
individually. The apparatus may further comprise 
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idencification printing meaxis £or applying numeric 
identification to at least some of the articles. The printing 
means may con^rise an ink jet print head disposed along the 
transport path. 

In one form of the invention, the image acquisition means 
cmrprises a CCD camera and illumination means. The 
illumination means conpriaes a plxirality of support structures 
housing light -directing fibers. 

In another aspect of the invent ion « the processing means 
for recognition of the indicia appearixig on an article returns 
postage information relating to postage type, wherein postage 
type is selected from the group of postage types consisting 
essentially of meter, permit, end stamp. The processing means 
for recognition of the indicia appearing on an article may 
return postage value, postage class, address information, and 
various kinds of barcode information such as barcode decode 
value and barcode print quality information- Both the 
processing means for recognition of indicia appearing on an 
article and the processing means for verifying acquired data 
may comprise a microconputer. 

In yet another aspect of the invention, the apparatus may 
further comprise stacking means for re-collecting articles. 
In general, the articles disposed along the transport path are 
arranged in an original order and orientation, and the 
stacking means re-collects the articles in the original order 
and orientation. 

In still another form of the invention, the pre- 
established rules may include a number of parameters such as 
bar code print quality, compatibility of bar code decode value 
and address information, weight restrictions, postage type 
restrictions, postage value rescrictions, postage class 
restrictions, and destination sort requirements. Sort 
requirements may be valid for a current sort data base, or for 
one or more prior databases* 



Iji scill another aspect of the present invention, 
verification resulta are printed as reports in a predetermined 
format . The apparatus may fxtrther con^rise scanning means for 
automatic reading of bar codes associated with groups of 
articles. 

In yet another form of the invention, apparatus for 
automatically acquiring, scoring, and verifying indicia 
affixed to relatively flat articles comprises infeed means for 
transporting articles from an input stage to subsequent 
processing stages, weighing means for measuring weight of 
articles being processed, printing means for affixing 
identifying indicia to each article, image acquisition means 
for acquiring a representation of selected indicia appearing 
on each article, control processor means for controlling 
acquisition, storage, and verification, and image processing 
means, in communication with the control processing means, for 
synchronization of acquisition, storage, and verification. 

The infeed means preferably comprises an infeed conveyor 
mechanism that singulates articles for subsequent processing. 
The weighing means may cotnprise an in-line scale chat weighs 
each article individually, and the printing means con«>rises an 
ink jet print head disposed proximate to the image acquisition 
means. The image acquisition means preferably comprises a CCD 
camera and illumination means. 

In one form of the invention, the illumination means 
comprises a plurality of support structures housing light 
directing fibers. The control processor means conipri^es a 
microcomputer controller in communication with the image 
processing means. while the control processor means 
communicates with the image processing means via a serial 
communications protocol. The image processing means is 
preferably a microprocessor controller in serial communication 
with the control processor means. 

In accordance with one aspect of the invention, apparatus 
for processing and verifying indicia disposed upon articles to 
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r xr«.po« «ch«i«» de£i»i.B . P*'" 

jec princer disposed along the cranaporr path, the .nk ^et 
printer applying a nun^ric identification to each article a 
Tai^ra un^ positioned along a scanning locus that scans the 
indicia disposed on each article and stores image in£on«tion 
in an associated r«mory. an illumination mechanism associated 
«i.h the camera unit, presiding illumination directed toward 
L scanning locus, and a control processor and an i^ge 
processor interconnected by a serial communication .link, the 
-nd im-ge processors synchronizing data acquisition. 
IZZ. and con^arison for verification of indicia disposed 

uQon the articles. 

in cne £orm o£ the invention, the serial communication 
U«X comprises a bi-directional serial linH over which 
oo™™i«d.. statu, messages, and data pacl«t, are ^^^-^^ 
.i-directional serial UnX comprise, an """^"^ 
„ a„roxi»at.ly 19, «0 baud. Serial «e...9.. •« 
over the ..rial co™«nic.tion link, and each serial r^ssage 
begins With a pr«leterrt»d .tart character and ends with a 
pSdeter^ned stop character. Preferably, the start character 
and stop character are 1 byte ASCII characters. 

in yet another aspect of the invention, each serial 
n^ssage includes cyclic redundancy checlc Information and a 
"nee nu»^«r. e.=h «..age is aetoowledged by the 
rH^pient through transm.sion of an acKnowledg^nt «.sage 
«^ the n^ssage is received correctly, and each 
„teived ^.sag. causes a negative acKnowledgment .^.sag. to 
U trans-nitted. Preferably, the sender re.«.ds • -"'S. « 
least once if an acknowledgment message is not received w thin 
a predetermined time. Each acknowledgment message includes 
Che sequence nuTnber. 
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Further objeccs. features, and advantages of the present 
invention will become apparent from the following description 
and drawings. 

BRIEF DESCRIPTION OF THE SRMfSiaS 

FIG. X illustrates the conponents of an autonacic 
verification system in accordance with the present invention; 

PIG. 2 is a block diagram of an automatic verification 
system in accordance with the present invention illustrating 
interconnection of system elements ; 

FIG. 3 is a table depicting a serial message format 
suitable for intercommunication in the automatic verification 

system of PIG. 2; 

FIG. 4 is a table showing permissible message types under 

the serial format depicted in FIG. 3; 

DETAILED DE6CR1PTI0M OF THE INVENTION 

In accordance with the present invention, an automatic 
verification system is described that provides distinct 
advantages when compared to verification processes of the 
prior art. The invention can best be understood with 
reference to the accompanying drawing figures. 

The automatic verification system of PIG. X. generally 
depicted by the numeral 100. has a capacity to accommpdate one 
full (two- foot) letter tray of mail, and will feed trays of 
either letter or flat mail in excess of 6.000 pieces per hour. 
The infeed magazine 101 that provides this capability will 
process one tray of mail per run. From the feeder XOl, each 
mailpiece proceeds into a scale/settling station 102. This 
station 102 weighs each piece of mail individually, and then 
correctly registers the bottom edge of the mailpiece onto an 
associated transport plate. 
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supported by pinch belts, each mailpiece proceeds along 
Che transport path 103. -here a 15 inch, high-resolution 
camera 105 captures an image of the piece for further 
processing. An ink jet printer 104 is then used to spray a 
numeric identification (ID) on each piece. The piece is then 
stacked in its original order and orientation, while an 
intelligent tracking system ensures quality and accuracy of 
inapeccion. 

The block diagram of FIG. 2 depicts a control processor 
201 that provides a user interface prompting the operator to 
perform specific actions, such as inputting data, loading the 
magazine, starting the transport mechanism, etc. After the 
^acor enters all parameters, the required inforn«tion xs 
automatically measured. Measurement results are used to 
calculate and display bulk postage rate, total weight of 
mailing, number of sample units, error factor, percent error, 
additional postage due, and other relevant metrics. 

With a throughput of 6,ooo pieces per hour, the automatic 
verification system feeder unit 101 offers a reliable and 
powerful transport system. Mail pieces are directed from the 
feeder into the scale unit 102 that weighs individual mail 
pieces in line at a full 6,000 pieces per hour rate. After 
the weighing operation, the mail pieces are scanned by the 

camera unit 105. 

The camera unit 105 is a premier ultra-high density line 
scan array CCD (charge coupled device) camera. The c;^mera lOS 
will scan at a rate of at least 200 scan lines per inch. This 
high resolution enables the automatic inspection system lOO to 
accurately determine Postnet barcode quality and to read 
address information from each mailpiece to verify barcode and 
postage data and to add other relevant information to the 
associated mailpiece data base. The system includes the 
capability to update and modify the data bases as required. 
After the scanning operation, an ink jet printer 104 prints 
identification information on each mail piece. The print head 
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ot the ink jet printer imic 104 is preferably positioned in 
proximity to the camera unit 105 for ease of mounting. 

The system may further includes a report printer 202 that 
presents the results of the verification process co an 
operator in hard-copy format. A plurality of reports may be 
made available, and the reports may be structured to match 
existing customer report formats or may be custom designed for 
particular applications. The system may also incorporate a 
video display terminal 203 for use in job aet-up. input of 
parameters, and display of results. 

The video display terminal 203 may also be used for the 
display of images acquired by the system during verification 
operation. At the operator's option, the video display 
terminal may display the image acquired by scanning a 
particular mailpiece, and may indicate, via colored 
rectangles, shadings, etc., selected words, individual 
characters, address block location, szantp. or other indicia 
that has been determined by the image processing recognition 
software . 

The camera scan field is illuminated by a high- intensity 
light system 106 in which optical fibers arrayed in associated 
lighting towers 107 direct light from a centrally located 
high-intensicy lamp sub-system. A dense, random array of 
optical fibers within each cower 107 allows for bright, even 
illumination within the scan area. 

The system assigns each mailpiece to a data |ile that 
individually registers each mailpiece. As the mailpiece is 
processed, the weight of each piece and the associated numeric 
identification number that is applied to the mailpiece by the 
ink jet printer are also recorded in the file. The image that 
is scanned by the camera unit is also processed and filed. 

The scanned image is processed by identifying the address 
block on the mail piece, reading the address, and verifying 
Che address information. The system registers the 
corresponding barcode value to the file, reads the stamp value 



and scores ics marking, and scans rhe barcode in d«axl to 
ensure rhac che princ quality n«ecs USPS specif icacions. The 
ayscem idencifies ,:he existence, if any. of a postage meter 
imprint and the value of postage it represents, and the 
existence and identification of a permit in^rinc. The printed 
bar code value and quality assesstnent are also stored in the 
file for the associated mailpiece. At this point, the 
individual ««ilpiece file includes the ID nun4,er that has been 
printed on the Tnailpiece by the ink jet printer, the weight, 
stamp value, any existing endorsen«nt. the address barcode 
value, the printed barcode value, and the quality of the 
barcode/2IP code. The systen. identifies and verifies the 
accuracy of the printed barcode against J*^^ 
address search within its address data base, and verifies that 
such aspects of the oiail as postage paid, weight, etc.. are 
consistent with the infomiation provided by the mailer. 

TO aid in the acquisition of tray tag information, the 
verification system may incorporate a bar-code scanner 205 
chat reads the tray tag infomation. The tray tag information 
is generally expressed as a printed bar code on a tray or 
container of mail or other flat articles awaiting processing 
by the system. The tray tag generally includes information 
related to the contents of the tray, and thus defines a set of 
pre-established rules to which the articles must conform. 

The verification process includes comparing information 
input to the system via )ceyboard 204. tray tag ^ar code 
scanner 20S. scale 102. image acquisition and processing 105. 
and internal data bases to determine whether the pre- 
established rules have been followed. 

The automatic verification system operates under the 
control of a Control Personal Con^^uter (CPC) in communication 
with an iniaging Personal Computer (CPC). Communication 
between the CPC and IPC takes place over a bi-direccional 
serial link that provides transfer of commands, status, and 
data packets in both directions. 
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The hardwire interface between the CPC and IPC ie an RS- 
232 aerial link that is well-known in the applicable art. The 
hardware protocol calls for full duplex asynchronous 
transmissions at 19,200 baud with 1 start bit, 8 data bits, 1 

stop bit. and no parity. ^ 

All serial iDessages between the IPC and CPC follow a 
predetermined format that is illustrated in FI6. 3. All 
messages begin with the START.CHAR and end with the STOP.CHAR, 
Each digit or character is sent using 8-bit ASCII (A««rican 
Standard Code for Information Interchange) . This is to ensure 
Che ability to regain message synchronization if any 
characters are lost. The least significant bit of each byte 
IS transferred first, in accordance with tne ASCII standard- 
The CRC is a cyclic redundancy check computed by the sender 
and the recipient to make sure that no errors have occurred 
during transmission. It is formed using a selected CCITT 
polynomial, as is wall-known. and is computed over ^^^ ^^l^ 
of characters from SEQUENCE_NO through DATA- The 16-b^c CRC 
is converted to ASCII using hexadecimal notation and stored xn 
the 4 bytes at CRC. All message types are composed of ASCII 
characters (alphabetic characters are preferred). This 
facilitates debugging with a serial line analyzer BCD 
(binary coded decimal) data are transferred most-signif icant 
byte first. A message may have no data bytes. This minimum 
size of a message is nine (9) bytes. The various permissible 
message types are illustrated in PIG. 4. , 

Each message is acknowledged by the recipient with an ACK 
(acknowledgment message) . An ACK informs the sender that the 
. message has been received successfully, is understood^and is 
being acted upon. The sender of the original request knows to 
expect an ACK in response to its request. It is up to the 
sender to wait for this response. 

A NACK (negative acknowledgment message) tells the sender 
Chat the message is either not understood or no. supported by 
the receiver. A NACK never happens if the serial interface 



has performed succeesfuily and the message eenc was properly 
format ced. 

The sender does not send another request message until 
the previous request has been AClfed or has timed out. The 
sender generally retries sending a message up co two (2) tiroes 
if it has not been AC3ted within a predetermined time period. 
The sender stanps each message with a unique sequence number. 
This number is generated from an internal B-bit counter that 
is incremented after each message transaction, and is allowed 
to roll over from OxFF to OOOO. The receiver echoes this 
sequence number bade in the ACK/NACK response to this message. 
The sender uses the same sequence number on retries. 

in general, che CPC updates the IPC with the Mail Piece 
Identification NuRiber (MPID) . the Mail Piece Weight Data 
CMPWD) , and its time stamp. In response, the IPC replies with 
information that was received by the scanned mail piece. The 
messages that are normally sent from the CPC to the IPC are 

summarized below: 

1. §ynchronizacion Message - This message is sent when 
a sensor mounted near the camera array detects a mailpiece 
within the camera zone. 

2. Postage Message - This message is sent when the 
scale sub-system has completed weighing a piece of mail. This 
message conveys to the IPC the amount of postage this 
mailpiece is expected to contain. It is derived from the 
weight of the mailpiece and toowledge of the characteristics 
of the type of mailing being verified. In most cases, a 
postage rate derived from standard lor bulk rate) USPS postage 
rate schedules will be used. The only exception occurs when 
the image processing indicates that the mail piece is non- 
profit in nature. In that event, a special non-profit postage 
field included with the Postage Message is used to determine 
the expected postage for the mailpiece. 

3. Begin Run Message - This message is sent at the 
start of a run to direct che IPC co clear its buffers and 



prepare for zhe stare of an inspection run. Additional 
information is also passed to the IPC regarding the statistics 
for the mailing 4 such as time of mailing^ payment method to be 
used, Che mailer's permit or meter number, and the weight of 
a single piece of mail (in the event that the mailing is being 
made at an Identical Height Rate) . 

4 . Tray Label Message - This message is sent by the CPC 
to pass information taken from the tray label on the mailing 
tray that contains the mailpieces that are being examined. 
This information includes the tray label bar code, the tray 
ZIP code, destination city and state, and class and sub-class 
of mail in the tray- 

5. Wedge Data Message - This message conveys the 
relevant information from a sample wedge (a prederermined 
quantity of mail concerning which characteristics are known) « 

The IPC also transmits messages to the CPC. Among the 
IPC- transmitted messages are the following: 

1. Address Scan Result Message - This message sends a 
formatted set of parameters back to the CPC. The referenced 
mail piece ID is transmitted along with the mailpiece ZIP code 
appearing on che mail piece and the ZIP code derived from the 
address information on the mailpiece. 

2 . Postage Scan Result Message * This message sends a 
formatted sec of parameters from the IPC back to the CPC. The 
referenced mailpiece ID is transmitted along with the 
mailpiece postage meter date, the mailpiece paymen^ method, 
and the mailpiece amount paid. 

3. Barcode Scan Result Message - In this message, the 
IPC transmits the reference mailpiece ID, the mailpiece 
barcode, and a measure of barcode readability. 

Both the CPC and the IPC are capable of transmitting ACK 
and MACK messages, both initiating and responding to 
diagnostic messages, and transmitting error indication 
messages . 
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There has been described herein an automatic verification 
system that is relatively free from the shortcomings of 
verification proceasea of the prior art. It will be apparent 
CO chose skilled in the art that modifications may be made 
without deparcing from the spirit and scope of che invention. 
Accordingly, it is not intended chat the invention be limited 
except as may be necessary in view of the appended claims. 



1 - J^paracus for automatically acquiring and verifying, 
relative to pre-established rules, information affixed co 
relatively flat articles transported along a transport path, 
the apparatus comprising: 

weighing means for measuring weight of articles being 
processed; 

image acquisition means for acquiring a representation of 

indicia appearing on an articles- 
processing means for recognition of the indicia appearing 

on an article; and 

processing means for verifying acquired data against the 

pre-established rules, 

2. The apparatus of claim I, further comprising infeed 
means for transporting said articles from an input stage to 
subsequent processing stages . 

3. The apparatus of claim 2, wherein said infeed means 
comprises an infeed conveyor mechanism that singulates 
articles for subsequent processing, 

4. The apparatus of claim 1, wherein said weighing 
means comprises an in-line scale that weighs articles 
individually. 

5. The apparatus of claim 1, further comprising 
identification printing means for applying numeric 
identification to at least some of the articles , 

6. The apparatus of claim 5, wherein said printing 
means comprises an ink jet print head. 



8. The apparatus of claim i 
acquisition means comprises a CC^ . ^ ^^'^ 
•»«ans. es a CCD camera and illumination 

9- The apparatus of claim 6 • 
-eons comprises a plurality Tt sup^"'' '"'^^^^o. 
light -directing fibers. structures housing 

10. The apparatus of claim -i v 

r«um= postage inior^atioa r.l«i"\ « 
PO»"9e type is .elected frci '^ " "^'"^^ 

eonsiatlng essentially of, °' ''°="9« 

types 



meter ; 
permit; and 
scamp J 



11. The apparatus of claim ia 

— s for recognition of .ndici; T"'"^ '''' ^^^^^^^^^^^ 
returns poscage value. apPearang on an article 

12. The apparatus of claim in 

-ans for recognition of che J.eU TnoeT "'""^^^'^^ 
returns postage class. appearxng on an article. 

13. The apparatus of claim i 

n>eans for recognition of the tn^J' Processing 
returns address information. ^PP^aring on an 

article 

14. The apparatus of claim i 

»ea„s for reco9niti=„ of the i Jjcia It'!": 

"turns barcode information, ^»««i»9 on an article 



15. The apparatus of claim 14, wherein said barcode 
informacion comprises barcode decode value. 

16. The apparatus of claim 14 « wherein said barcode 
informacion con5>rises barcode print quality informacion. 

17. The apparatus of claim 1, wherein said processing 
means for recognition of indicia appearing on an article 
con^rises a microcomputer. 

18. The apparatus of claim 1, wherein said processing 
means for verifying acquired data con^jrises a microcomputer. 

19. The apparatus of claim 1, further comprising 
stacking means for re-collecting articles. 

20. The apparatus of claim 19, wherein articles disposed 
along the transport path are arranged in an original order and 
orientation, and said stacking meeuis re-collects the articles 
in said original order and orientation. 

21. The apparatus of claim 1, wherein said pre- 
established rules include bar code print quality. 

22. The apparatus of claim 1, wherein said pre- 
established rules include compatibility of bar coiJe decode 
value and address information- 

23. The apparatus of claim 1, wherein said pre- 
established rules include destination sort requirements. 



24, The apparatus of claim 23, wherein said sort 
requirements are valid for a current sort data base. 
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25. Tbe apparatus of claim 23. wherein said sort 
requirements are valid for one or more prior sort databases. 

26. The apparatus of claim 1. wherein said pre- 
established rules include weight restrictions. 

27. The apparatus of claim 1. wherein said pre- 
established rules include postage type restrictions. 

28. The apparatus of claim 1. wherein said pre- 
established rules include postage value restrictions. 

29. The apparatus of claim 1, wherein said pre- 
established rules include postage class restrictions. 

30. The apparatus of claim l. wherein verification 
results are printed as reports in a predetermined fomac. 

31. The apparatus of claim 1, further comprising 
scanning means for automatic reading of bar codes associated 
with groups of articles. 

32. Apparatus for automatically acquiring, storing, and 
verifying indicia affixed to relatively flat arcicles. the 
apparatus comprising: 

infeed means for transporting articles from, an input 
stage to subsequent processing stages; 

weighing means for measuring weight of articles being 
processed; 

printing means for affixing identifying indicia to each 
article: 

image acquisition means for acquiring a representation of 
selected indicia appearing on each article; 

concrol processor means for controlling acquisition, 
storage, and verification; and 
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image processing means, in comiminicacion wicb said 
control processing means, for synchronization of acquisition, 
storage, and verification. 

33 . The apparatus of claim 32, wherein said infeed means 
comprises an infeed conveyor mechanism that singulaces 
articles for subsequent processing. 

34. The apparatus of claim 32, wherein said weighing 
means comprises an in-line scale that weighs each article 
individually. 

35. The apparatus of claim 32, wherein said" printing 
means comprises an ink jet print head disposed proximate to 
said xmage acquisition mesuxs. 

36. The apparatus of claim 32, wherein said image 
acquisition means comprises a CCD camera and illumination 
means . 

37. The apparatus of claim 36. wherein the illumination 
means comprises a plurality of support structures housing 
light directing fibers. 

38. The apparatus of claim 32, wherein the control 
processor means coinprises a microcon^juter contJ^ller in 
communication with the image processing means. 

39. The apparatus of claim 38. wherein the control 
processor means communicates with the image processing means 
via a serial communications protocol. 

40. The apparatus of claim 32. wherein the image 
processing means is a microprocessor controller in serial 
communication with the control processor means. 



41. Apparatus for proceeaiiig and verifying indicia 
disposed upon arciclcB to be mailed, the apparatus cotnarieing: 

an infeed tnagazine in communication with a transport 
mechanism defining a traneport path for the articles ; 

a weighing station receiving articles from the transport 
mechanism and weighing each article individually; 

an ink jet printer disposed along the transport path, the 
ink jet printer applying a numeric identification to each 
article; 

a camera lanit positioned along a scanning locus that 
scans the indicia disposed on each article and stores image 
information in an associated memory; 

an illumination mechanism associated with the camera 
unit, providing illumiiiation directed toward the scanning 
locus; 

a control processor and an image processor incercoimecced 
by a serial communication link, the control and image 
processors synchronizing data acquisition, storage, and 
comparison , for verification of indicia disposed upon the 
articles . 

42, The apparatus of claim 41, wherein the serial 
communication link comprises a bi-directional serial link over 
which commands, status messages « and data packets are 
exchanged. 

» 

43* The apparatus of claim 42, wherein the bi- 
directional serial link comprises an RS-232 serial link at 
approximately 19,200 baud. 

44. The apparatus of claim 42, wherein serial messages 
are exchanged over the serial communication link, amd each 
serial message begins with a predetermined start character and 
ends with a predetermined stop character. 



45. The apparacus of claim 44, wherein che scare 
characcer and scop characcer are 1 byte ASCII characters. 

46. The apparatus of claim 44, wherein each seriauL 
message includes cyclic redundancy check information. 

47. The apparacus of claim 44, wherein each serial 
message includes a sequence number. 

48. The apparacus of claim 47, wherein each message is 
acknowledged by che recipienc chrough cransmission of an 
acknowledgment message when che message is received correccly. 

^9. The apparacus of claim 47, wherein each incorrectly 
received message causes a negacive acknowledgment message to 
be transmitted, 

50- The apparacus of claim 49, wherein che sender 
resends a iriessage ac least once if an acknowledgment message 
is noc received within a predetermined cime. 

51. The apparacus of claim 48. wherein each 
acknowledgmenc message includes che sequence number. 
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